in the body without overt central nervous system infection. Symptoms of SAE vary from delirium to coma occur at any time in the disease process, even earlier than the common clinical symptoms of sepsis. [2, 3] Despite its high prevalence, morbidity, and mortality, SAE is still poorly understood. In addition, survivors of SAE might display prolonged cognitive dysfunction. [4] The diagnosis of SAE is one of exclusions, usually depends on case history and clinical symptoms. [5, 6] Secondary screening methods such as electroencephalograph, [7] somatosensory-evoked potentials, [8] bispectral index, [9] and transcranial Doppler monitoring of cerebral blood flow [10] enable the clinical diagnosis of SAE. Biomarkers such as neuron-specific enolase (NSE) and calcium-binding protein β (S100β) facilitate rapid and cost-effective diagnosis of SAE. [11, 12] However, early measurement of serum S100β levels in SAE patients cannot determine the loss of consciousness. [13] A study has shown that even elevated levels of serum S100β show no relation to the severity of SAE. [14] Therefore, it is essential to investigate new biomarkers for diagnosis of SAE.
It is well established that overwhelming inflammation is a fundamental component of sepsis pathophysiology. [15] Calcium-binding protein A8 (S100A8), also called calgranulin A, and migration inhibitory factor-related protein 8 was shown to mediate the recognition of damage-associated molecular patterns. [16, 17] Similar to pathogen-associated molecular patterns, [18] it can be combined with pattern recognition receptors, in immune response. Studies have shown that S100A8 plays an important role in tumorigenesis and inflammation. [19] Extracellular protein S100A8 mainly functions by combining with toll-like receptor 4 (TLR4) on the cell membrane in intracellular signaling pathways. On ligand binding to TLR4, an adaptor molecule myeloid differentiation factor 88 (MyD88) is recruited to the TLR complex as a dimer. The MyD88 recruits interleukin-1 receptor (IL-1R)-associated kinase 1, and tumor necrosis factor receptor-associated factor 6 (TRAF6), resulting in the activation of nuclear factor-kappa B (NF-κB) and production of inflammatory cytokines. [20] In the wild-type mice, the S100A8/A9 messenger RNA (mRNA) expression was obviously higher in the early reperfusion during cerebral ischemia-reperfusion injury.
[21] TRAF 6 is a member of TRAFs superfamily. TRAFs are a type of membrane adapter proteins, with conserved genetic structure. Further, it is a major signal transduction factor mediating the interaction between TNFR superfamily and the IL-1R/TLR superfamily. [22] We investigated the changes in gene expression profile of SAE rats via monitoring the brain electrical physiology in a cecum ligation perforation SAE rat model and found that S100A8 expression level increased significantly. As a key molecule in multiple pathways, TRAF6 expression was increased significantly in brain ischemia-reperfusion injury in the rat model [23] and was also related to microglial activation. [24] However, most previous studies showed that S100A8 or TRAF6 increased during sepsis or brain ischemia-reperfusion injury but not in SAE. S100A8 and TRAF6 expressions are upregulated in numerous cell types by oxidative stress and by specific cytokines and growth factors. [25] However, the expression of S100A8 and TRAF6 in SAE pathological conditions remains unknown. Therefore, we collected data to study the clinical significance of S100A8 and TRAF6 in diagnosing SAE and determining its prognosis.
Methods

Study design and enrollment
The study was conducted after approved by the local ethics committee of Xiangya Hospital and with the patients' informed consent. In this prospective and observational study, we selected 57 patients from the central Intensive Care Unit (ICU) diagnosed with sepsis. Selection was based on the criteria of the 2001 international guidelines for management of severe sepsis and septic shock, [26] from July 2014 to March 2015 for the study. The SAE was defined as cerebral dysfunction in the presence of sepsis and in the absence of any of the exclusion criteria. Exclusion criteria included: age <18 years, pregnancy, congenital brain dysplasia, primary brain injury (traumatic brain injury [TBI] , intracranial infection, cerebral infarction, cerebral hemorrhage, and epilepsy), and secondary encephalopathy (hepatic encephalopathy, pulmonary encephalopathy, uremic encephalopathy, after cardiopulmonary resuscitation). All patients were screened daily with the Confusion Assessment Method for the ICU (CAM-ICU) scores for their consciousness level. Those without any of the exclusion criteria but with CAM-ICU positive represented the SAE group, and the negative was the NE group. Moreover, ten volunteer doctors served as the control group, for TRAF6 and S100A8 detection. In patients with sedated analgesia, we performed spontaneous awakening trials daily to assess the consciousness. The longest evaluation time after stopping sedation in spontaneous awakening trials was 24 h. If the patients were not awake within 24 h, they were diagnosed as SAE.
Baseline clinical demographics were collected within 24 h after ICU admission or starting with the diagnosis of SAE, including age, gender, previous health status, presence of shock, infection, Acute Physiology and Chronic Health Evaluation (APACHE) II scores, and Glasgow Coma Scale (GCS). Laboratory data included routine blood measurements, liver and renal function, arterial blood gas analysis, procalcitonin, C-reactive protein, NSE, S100β, and IL-6. Peripheral blood was drawn to measure S100 A8, TRAF6, IL-1β, and tumor necrosis factor-α (TNF-α). Finally, hospital and ICU stay, bacteriological categories, and 28-day mortality were also recorded in all the enrolled patients.
Peripheral blood mononuclear cells isolation
Peripheral blood mononuclear cells (PBMCs) were isolated from the peripheral blood of septic patients and volunteer doctors by Ficoll gradient centrifugation (Histopaque-1077, Sigma-Aldrich, USA) at room temperature. Anticoagulated blood was layered onto Histopaque-1077 without disturbing the layers and then centrifuged at 400 ×g for exactly 30 min at room temperature. The plasma and cells between the plasma and the Percoll gradients were then collected, washed, and resuspended in 0.1 mol/L phosphate buffer saline (PBS), stored at −80°C until use.
Western blotting
The total protein from PBMCs was obtained with RIPA Lysis Buffer (50 mmol/L Tris, 150 mmol/L NaCl, 1% tritonx-100, 1% sodium deoxycholate, 0.1% sodium dodecyl sulfonate [SDS]) containing an inhibitor cocktail (100 mmol/L Phenylmethanesulfonyl fluoride [PMSF], 10 mmol/L leupeptin, and 2.1 mg/nl aprotinin). The protein concentration was measured using the bicinchoninic acid Protein Quantitation Kit (Beyotime, Shanghai, China) and 30 μg of denatured proteins from each lysate was subjected to SDS-polyacrylamide gel electrophoresis on criterion tris-HCL 8% precast gels and then transferred onto polyvinylidene fluoride membrane (Millipore, Massachusetts, USA). After blocking with 5% skim milk for 2 h at room temperature, the membrane was sequentially incubated with primary antibodies anti-TRAF6 (1:2000, Abcam, Cambridgeshire, U K ) a n d r e d u c e d g l y c e r a l d e h y d e -p h o s p h a t e dehydrogenase (GAPDH) (1:1000; Beyotime, Shanghai, China) overnight at 4°C and washed three times for 10 min each with tris-buffered saline combined with Tween-20 (TBST). Subsequent incubation with monoclonal horseradish peroxidase-conjugated antibody was performed for 1h at room temperature in 5% skim milk and then washed three times with TBST. The images were acquired using an ECL (Millipore, Massachusetts, USA) Western blotting detection system (Bio-Rad, California, USA) and quantified by Image Lab 4.1 software (Bio-Rad, California, USA). GAPDH was used as a loading control. The intensity of bands of interest was normalized to the signal intensity of the control.
Enzyme-linked immunosorbent assay
Concentrations of S100A8 in the plasma were determined by human enzyme-linked immunosorbent assay (ELISA) kit (Cusabio, Wuhan, China) according to the manufacturer's protocol. IL-1β and TNF-α levels were determined using human ELISA kit (MultiSciences, Hangzhou, China) according to manufacturer's instructions.
Statistical analysis
Data were statistically analyzed and expressed as a mean ± standard deviations (SD). Means were analyzed by one-way analysis of variance (ANOVA) followed by the t-test for quantitative data or Chi-square test for qualitative data. Receiver operating characteristic (ROC) curves for the ability of S100A8, TRAF6, S100β, and NSE to diagnose SAE and predict the 28-day mortality, respectively, were carried out, and the cutoff points were obtained from the curves for the highest sum of sensitivity and specificity. P < 0.05 was considered significant differences. The statistical analyses were performed using SPSS version 18.0 (International Business Machine, Chicago, IL, USA) and GraphPad Prism version 5.0 (GraphPad Software Inc., CA, USA) for Windows.
resUlts
We enrolled 59 septic patients and 10 volunteers, and 29 patients were diagnosed with SAE with 50.88% morbidity. The median day of admission with SAE was the 3 rd day. The incidence of shock and APACHE II scores in the SAE group were higher than those in the NE group, which was in contrast to the GCSs (P < 0.01). The abdominal cavity was the most common infection site, followed by urinary tract infections. Gram-negative bacteria were the most common organisms. SAE patients had a higher 28-day mortality rate than the NE patients (17.85% vs. 65.52%, P < 0.01). The pH value, arterial blood lactate (lac), alanine transaminase (ALT), and S100β were higher in SAE patients than in NEs. NSE values in SAE were higher than in the NE group, but the difference was not statistically significant. The detailed demographic and clinical features are summarized in Table 1 .
The S100A8 level in SAE patients was significantly higher than in NE (3.74 ± 3.13 vs. 1.08 ± 0.75, P < 0.01), and NE was higher than in control (1.08 ± 0.75 vs. 0.37 ± 0.14, P < 0.01). The TRAF6 level in SAE patients was significantly higher than in NE (3.18 ± 1.55 vs. 1.02 ± 0.63, P < 0.01), and higher in NE than in control (1.02 ± 0.63 vs. 0.47 ± 0.10, P < 0.01). SAE patients had higher IL-1β, TNF-α, and IL-6 levels than the NE patients (1384. 39 ROC curves evaluating the ability of S100A8, TRAF6, S100β, and NSE to diagnose SAE and predict the 28-day mortality, respectively, are fully displayed in Figure 2 . S100A8 levels of 1.93 ng/ml were diagnostic of SAE with 92.90% specificity and 69.00% sensitivity. The area under the curve was 0.86 (95% CI: 0.76-0.95). TRAF6 relative levels of 1.44 were diagnostic of SAE with 87.50% specificity and 86.20% sensitivity, and the area under the curve was 0.94 (95% CI: 0.88-0.99). S100β levels of 0.28 μg/L were diagnostic of SAE with 68.80% specificity and 83.30% sensitivity, with an area under the curve of 0.79 (95% CI: 0.65-0.94). NSE levels of 0.79 ng/ml were diagnostic of SAE with 87.50% specificity and 58.30% sensitivity, and the area under the curve was 0.79 (95% CI: 0.65-0.93). S100A8 levels 2.41 ng/ml were predictive of 28-day mortality of SAE with 90.00% specificity and 73.70% sensitivity, and the area under the curve was 0.88 (95% CI: 0.76-1.00).TRAF6 relative levels of 2.94 † χ 2 value. The incidence of shock and APACHE II scores in the SAE group were higher than in the NE group, which was in contrast to the GCSs (P<0.01). SAE patients had a higher 28-day mortality rate than the NE patients (17.85% vs. 65.52%, P<0.01). The pH value, lactate, ALT, and S100β were higher in SAE patients than in NEs. NSE values in SAE were higher than that in the NE group, but the difference was not statistically significant. The abdominal cavity was the most common infection site, followed by urinary tract infections, Gram-negative bacteria were the most common organisms, however, the difference was not statistically significant. NEs: No-encephalopathies; SAE: Sepsis-associated encephalopathy; ICU: Intensive Care Unit; GCS: Glasgow Coma Scale; APACHE: Acute Physiology and Chronic Health Evaluation score; ALT: Alanine transaminase; WBC: White blood cell; PCT: Procalcitonin; CRP: C-reactive protein; S100β: Calcium-binding protein β; NSE: Neuron-specific enolase; SD: Standard deviation.
were predictive of 28-day mortality in SAE with 80.00% specificity and 68.40% sensitivity, and the area under the curve was 0.77 (95% CI: 0.60-0.95). S100β levels 1.22 μg/L predicted the 28-day mortality of SAE with 77.80% specificity and 73.30% sensitivity, and the area under the curve was 0.80 (95% CI: 0.62-0.98). NSE levels 27.02 ng/ml were predictive of 28-day mortality in SAE with 88.90% specificity and 60.00% sensitivity, and the area under the curve was 0.75 (95% CI: 0.55-0.95).
dIscUssIon
Sepsis is associated with substantial long-term morbidity and is a common and rapidly growing public health concern in older people. Although the mortality rate has decreased significantly in the past 2 years, the majority of septic patients die within 5 years. [27, 28] SAE is one of the major causes of death or disability. [5] Compared with previous studies, our study results show an incidence rate of 50.88% and a mortality rate of 65.52% in SAE patients. Previous studies suggested that APACHE II score, ALT, aspartate aminotransferase, pH value, lactic acidosis, and other indicators were risk factors for SAE and death. [29, 30] APACHE II scoring system is widely recognized as a nonspecific indicator of the severity of disease and is used to evaluate the severity and prognosis of SAE. [29] The study showed that APACHE II scores for patients with SAE were higher than in NE patients, and SAE deaths were also higher than in survivors of APACHE II assessment, indicating that the SAE was related to the severity of disease. We also found that the percentage of shock and arterial blood lactate levels was higher in SAE than in NE group. Previous studies have shown that SAE pathogenesis was closely related to brain perfusion and cerebral blood flow. [30, 31] Therefore, we speculated that early improvement in circulation and brain perfusion might reduce the incidence of SAE and improve the clinical outcomes in SAE.
We found that the peripheral blood S100A8 levels in SAE patients were higher than those in NE patients and higher in NE patients than in healthy individuals. The mechanism of increase in peripheral blood S100A8 concentration remains unknown. S100 protein family is a group of structurally and functionally homologous calcium-binding proteins. Studies have shown that serum S100 protein concentrations represented biochemical markers of brain injury. [32] Previous studies found that the S100A8/A9 mRNA expression was significantly increased in brain tissue in the early stages of cerebral ischemia-reperfusion injury in wild-type mice. [21] Another study reported that S100A8 mRNA levels in the hippocampus of patients with Alzheimer's disease were twice the levels of normal individuals. [33] What is more, S100A8 expression was induced approximately 30-fold in cultured human microglia following chronic treatment with oligomeric Aβ1-42. [34] Using immunohistochemical analysis, S100A8, S100A9, S100A12, and S100β levels were shown to be associated with vascular structures in brains. [35] The totality of evidence supports a key role for S100A8 in neuroinflammation and microangiopathy. Therefore, S100A8 is likely to mediate SAE through activated microglia or vascular endothelial cells. However, the mechanisms leading to a progressive abundance of circulating free S100A8 during the development of SAE are currently unknown.
We also analyzed the value of S100β and NSE for the diagnosis and prognosis of SAE. The results suggest that despite the lower diagnostic sensitivity, S100A8 showed the highest specificity, and higher sensitivity and specificity in Figure 1 : The S100A8 level in SAE patients was significantly higher than that in NE (3.74 ± 3.13 vs. 1.08 ± 0.75, P < 0.01), and NE was higher than that in control (1.08 ± 0.75 vs. 0.37 ± 0.15, P < 0.01) (a). The TRAF6 level in SAE patients was significantly higher than that in NE (3.18 ± 1.55 vs. 1.02 ± 0.63, P < 0.01), and higher in NE than that in control (1.02 ± 0.63 vs. 0.47 ± 0.10, P < 0.01) (b and d). SAE patients had higher IL-1β, TNF-α, and IL-6 levels than the NE patients (1384.39 ± 775.84 vs. 163.99 ± 102.95; 1422.08 ± 500.93 vs. 491.26 ± 423.59; 1548.98 ± 552.34 vs. 923.82 ± 131.73, P < 0.05), and NE patients had higher IL-1β and TNF-α than the controls (163.99 ± 102.95 vs. 9.61 ± 5.97; 491.26 ± 423.59 vs. 64.85 ± 42.88, P < 0.01) (c, e and f). NE: No-encephalopathy; SAE: Sepsis-associated encephalopathy; S100A8: Calcium-binding protein A8; TRAF6: Tumor necrosis factor receptor-associated factor 6; IL-1β: Interleukin-1β; GAPDH: Glyceraldehyde-phosphate dehydrogenase; TNF-α: Tumor necrosis factor α; IL-6: Interleukin-6. predicting SAE prognosis than S100β and NSE. Compared with S100β, S100A8 levels reflect the degree of SAE accurately as they are mainly expressed in microglia of brain tissue while S100β is found in astrocytes. Microglial cells constitute the first line of defense in the central immune response while astrocytes play a major neurotrophic role.
TRAF6 is a key factor in inflammation and apoptosis. It is also closely related to brain injury. [36, 37] Chen et al. [23] developed a mouse model of TBI to show that TRAF6 expression levels were significantly increased in the first 7 days after TBI modeling. In addition, TRAF6 and caspase 3 expressions were significantly increased in the injured ipsilateral brain compared with the opposite side. Peripheral TRAF6 expression was increased in SAE in our study, translocated from brain to the peripheral blood through the blood-brain barrier or expressed peripherally. In summary, our findings suggest that TRAF6 might be involved in early inflammatory damage in SAE. The ROC for the ability of TRAF6 to diagnose SAE showed a large area under the curve and high sensitivity compared with S100β, indicating optimal diagnostic ability.
Increased expression of S100A8 and TRAF6 provides a basis for the mechanism of SAE. We also tested serum inflammatory markers such as TNF-α, IL-1β, and IL-6, and found elevated expression in SAE patients than in NE patients, suggesting a positive feedback loop between S100A8, TRAF6, and inflammatory factors in sepsis and SAE. LPS from bacteria is recognized by the surface receptor TLR4, activating MyD88-dependent and independent pathways. IRAKs and TRAF6 are recruited to MyD88 and subsequently activate a complex of transforming growth factor-activated kinase 1 (TAK1) and TAK1-binding proteins resulting in phosphorylation of inhibitor of NF-κB and nuclear translocation of NF-κB. Simultaneously, TAK1 activates mitogen-activated protein kinase cascades leading to the activation of activator protein 1, resulting in a large number of cytokines. [38] The role of TLR4 in inflammation is unrelated to the exogenous pathogenic composition. TLR4 promoted the cascade of inflammatory reactions in the body including the heart, lungs, and brain. [39, 40] TRAF6 deletion leads to defective TLR4 signaling, inhibition of NF-κB activation, and reduced cytokine production. [41] Downregulation of TLR4 and TRAF6 expression plays a protective role in ischemic stroke. [42] In this study, we found that peripheral blood S100A8 and TRAF6 were elevated similar to cytokines such as IL-1β, TNF-α, and IL-6 in SAE. Combined with the experimental results and related studies, we speculate that as an endogenous ligand, S100A8 in conjunction with TLR4 and then via TRAF6-mediated NF-κB signaling plays an important role during early inflammatory injury of SAE. However, the mechanism of S100A8 via other pathways or downstream molecules in the inflammatory response remains to be explored.
The study limitations are related to the use of peripheral blood indicators indirectly reflecting encephalopathy. Our study is only an observational study without intervention, which failed to confirm the interaction between S100A8 with TRAF6. The sample size in this experiment was another limitation. In addition, sedation might induce delirium, and we cannot exclude the effect of sedation. Further, we only studied patients during the ICU stay, excluding patients with sepsis outside ICU and afflicted with SAE. Further, our indicators were not dynamic. Finally, shock, APACHE II, GCSs, and hospital mortality suggested severe SAE. Probably, the severity of sepsis represents a risk factor for ICU delirium and a confounding factor for the relationship between SAE and S100A8 or TRAF6 levels, which requires additional investigations.
In conclusion, peripheral blood levels of S100A8 and TRAF6 in SAE patients were elevated and might be related to the severity of SAE and predict the outcome of SAE. The efficacy and specificity of S100A8 for SAE diagnosis were Receiver operating characteristic curves regarding the ability of S100A8, TRAF6, S100β, and NSE to diagnose SAE (a) and predict the 28-day mortality (b). S100A8 levels of 1.93 ng/ml were diagnostic of SAE with 92.90% specificity and 69.0% sensitivity. The area under the curve was 0.86 (95% CI: 0.76-0.95). TRAF6 relative levels of 1.44 were diagnostic of SAE with 87.50% specificity and 86.20% sensitivity, and the area under the curve was 0.94 (95% CI: 0.88-0.99). S100β levels of 0.28 μg/L were diagnostic of SAE with 68.8% specificity and 83.3% sensitivity, with an area under the curve of 0.79 (95% CI: 0.65-0.94). NSE levels of 0.79 ng/ml were diagnostic of SAE with 87.50% specificity and 58.30% sensitivity, and the area under the curve was 0.79 (95% CI: 0.65-0.93). S100A8 levels 2.41 ng/ml were predictive of 28-day mortality of SAE with 90% specificity and 73.70% sensitivity, and the area under the curve was 0.88 (95% CI: 0.76-1.00). TRAF6 relative levels of 2.94 were predictive of 28-day mortality in SAE with 80.00% specificity and 68.40% sensitivity, and the area under the curve was 0.77 (95% CI: 0.60-0.95). S100β levels 1.22 μg/L predicted the 28-day mortality of SAE with 77.80% specificity and 73.30% sensitivity, and the area under the curve was 0.80 (95% CI: 0.62-0.98). NSE levels 27.02 ng/ml were predictive of 28-day mortality in SAE with 88.90% specificity and 60.00% sensitivity, and the area under the curve was 0.75 (95% CI: 0.55-0.95). S100A8: Calcium-binding protein A8; TRAF6: Tumor necrosis factor receptor-associated factor 6; S100β: Calcium-binding protein β; NSE: Neuron-specific enolase; CI: Confidence interval; SAE: Sepsis-associated encephalopathy.
b a superior, despite its weak sensitivity. S100A8 is a better biomarker for diagnosis of SAE and predicting prognosis.
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